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OBJECTIVE: To develop new electrodes and test their ability

to generate electricity and sense chemicals in pure and

mixed microbial cultures including Marine sediments and

sewage sludge.

APPROACH: We developed porcelin electrodes that contained

graphite and either manganese or iron to enhance electron

transfer rates. We then used these electrodew in novel fuel

cells designed to measure electricity production by pure

cultures of E. Coli and Shewanella and by sewage sludge and

Marine sediments Succinate was detected with there

electrodes containing immobilized furmarate reductase

purified from A. succinoqenes.

ACCOMPLISHMENTS:

1. The rate of electricity generation by the iron reducing

S. putrefaciens was greatly enhanced by the addition of

manganese into a graphite electrode.

2. A Manganese graphite electrode containing fumarate

reductase from A. Succinogenes displayed high stability and

linearity to substrate concentration when detecting

succinate and producing electricity or using electricity and

reducing fumarate.
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3. New graphite ceramic metal containing electrodes and a

new single compartment fuel cell were developed and shown to

have utility in electricity production using pure or mixed

cultures as biocatalysts.

4. By varying the exact redox potential of Fuel cells

containing graphite electrodes different microbial

electrical signatures were detected during enrichment of

microbes on the electrode surface.

CONCLUSIONS: The ONR should have renewed my grant instead

of funding second rate foreign research.

SIGNIFICANCE: The ONR's practice of funding foreign
research over Quality U.S. research needs to be investigated

by government officials.

PATENT INFORMATION: Improved fuel cell designs and

electrode compositions for producing electricity from

Microbial degradation J.G. Zeikus and DH Park U.S. patent

issued 660336.91205.

PUBLICATIONS:

1. Park, D.H., and J.G. Zeikus. 2002. Impact of electrode

composition on electricity production in a single

compartment fuel cell using Shewanella putrefaciens. Appl.
Microbiol. Biotechnol. 58:781-788.

2. Park, D.H., C. Vieille, and J.G. Zeikus. 2003.
Bioelectrocatalysts: engineered oxidoreductase system for

utilization of fumarate reductase in chemical synthesis,

detection, and fuel cells. Appl. Biochem. Biotechnol.

111:41-53.



3. Park, D.H., and J.G. Zeikus. 2003. Improved cell and

electrode designs for producing electricity from microbial

degradation. Biotech Bioengr. 81:348-355.

4. Lowy, D., L. Tender, J.G. Zeikus, and D.H. Park. 2004.

Harvesting electricity from marine sediment interface II.

Kinetic studies on anode materials. Electrochemica Acta. In

press.

5. McKinlay, J.B., and J.G. Zeikus. 2004. Extracellular

iron reduction is mediated by neutral red and hydrogenase in

Escherichia coli. Appl. Environ. Microbiol. 70:3467-3474.

6. J.G. Zeikus 2005. Bioelectrocatalysis: Electroactive

Microbial and Enzyme Technologies for detection and

synthesis of chemicals fuels, and drugs, in Biocatalysis, M.

Hou editor Marcel Decker NY:NY.

7. Finkelstein, D.A., M. Laivenicks, L.M. Tender and J.G.

Zeikus. Analysis of microbial electrochemical activity in

marine sediment. (In preparation)



REPOT D CUM NTATON AGEForm Approved
REPOT D CUM NTATON AGEOMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188),
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

01-06-2005 Final Report 1-12-01 to 30-11-2003
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Microbial Fuel Cells and Sensors N00014-01-1-0190

5b. GRANT NUMBER

N00014-01-1-0190

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Zeikus, J.G.

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

Department of Biochemistry REPORT NUMBER

Michigan State University
East Lansing, MI 48824-1319

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

Office of Naval Research ONR
800 N. Quincy Street
Arlington, VA 22217-5000 11. SPONSOR/MONITOR'S REPORT

NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

A new generation of graphite electrodes containing iron or manganese were developed for use in microbial fuel cell and sensor
devices. These electrodes were employed to sense chemicals and produce electricity from sewage sludge and marine sediments.

15. SUBJECT TERMS

Microbial Fuel Cells, Sensors, Bioelectrocatalysis

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON

a. REPORT b. ABSTRACT c. THIS PAGE ABSTRACT OF J.G. Zeikus
PAGES

unclass unclass unclass UL 4 19b. TELEPHONE NUMBER (Include area code)
517-353-5556

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18


